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HEPORT

In accordance with the rrovisions of OoNolie CCRTuACT NO.
Ponr-2449 {00) dated 15 hovember 1957, celestial observaticas were obtain-
& at Key West, Florida, during the periosd € Februarvy 1958 - 4 iarch 1950
£ subsequently atoard the U3S VALLEY FUuGF (CVS - 485), the USS TUTUILS
{5LG=4), the Yacht PA#ALOUR and the Yacht KISKWOCD.

ihe purpose of this study was <o ceterminc what benefils could bz
cerived from the use of high-magnification sextant telescopzs (20x and lé:
¢s well zs 7x for use with the stars at dusk). what improvenments couvld te
rmade in the marine sextant and its ancilleries, and in the f.echniques of
its employment,

Almost 5(200 celestial observabions were made in eonnection with
4his Lsogram under conditions of visibility, weather, and quality of horiwon
ranging from excelient to extremely poor. The new instruments, desipred
especially fer test during this study, as well as standard sextants and
telescopes presently-in general use were employed and compared under all
aanner of conditions such as might be encountered by the working navigator
% sea, In fact, the frequency of observations made with a poor horizon
wis increased when it unexpectedly appeared that the high~powered telescopc:.
under such conditions often gave materially more reliable altitudes than
lhose in generzl use,

A number of experienced observars participated in this progran:
caote PoVe Hs Weems, USN (uBT.) znd CDie willinm 3, Brown, USK assisted oo -
Toody pianning the study, end nade many observebions. Thedr advice enc
cusistantance ere merticularly apprecistad, Mr. CGe D, Lurnlep®a help in

coosaving sprcifications for the Plath s.oxtants and Beck teio-



3copss ordered especially for use in this prorrem is also hignhly
appreciated.

jarly in tha course of the study it b:came apparent that the accuracy
of obsarvations made with the high-powared telescor:s was consistantly
grester than that obtained with talescopes of 6x magnification, and much
sreater than that obtained with the 3x telescops in common use, parti-
cularly when the horizon was not sharply defined. (See figure 1.} This
gain in accuracy was demonstratad by tha plot of observations in -:ach
astring, compared to th: "line of b:st fit" for the string, as well as by
the comparison of int2rcepts, whan observ:tions were made from an accurately
known nosition. The results obtained with the 3x telesconz wers so ob-
viously inferior to thos: obtainazd from a 6x telescop:, that zarly in the
study it was decided to use only tha 6x plass for purposes of comparison
with those of higher power, durine daylight and bright twilight con-
ditions. A very considerable numbor of obsarvations of tha stars were riade
at twilicht with a dim horizon to comparz the results obtain:d from th: use
of th: est inglish and “eman 2x, 2.5x and 3x star tslescopes, as against
a 7 x 50 prismatic monocular. Under such conditions of poor horigon il~-
lumination, th2 7 x 50 monocular was found very considzrably suparior to
any othar telesconz testad.

It was found that the hish-powarod telexcopess enabled the obsarver to
pick up a aumber of fixod stars within a fow minutes of sunrise or czunsct.
For example, it was rogularly possible with a 201 telescooe tn compleote
atriags of obscrvations of fiva or six stars abt sunsol. wsll ba2forz these
stars becan: visibl.: in tha field of the convantional sextant telescope.
‘ke r2sultant sain in accuracy, due to very -ood illumination of the horizon,

was xarkad.



It has b2en hoped that tha high~powored telascopes would psridt the
obssrvation of some fixad stars between ths hours of sunrise and sunsst.
It wus found that this could occasiomally ba accomplishad; howsver, it
did not prove gsenirelly vossiblo, duc to tha loss of brilliance of the
staor's image caused by th? index and horizon mirrors. It seems pro-
bab],yethat this difficulty can he overcome by redesigning the marine
sextant to permit a direct view of the star, with the horizon bacoring
the reflected image.

During th: study, it bacame increasingly evidznt that the great ac-
curacy achievad by the high~powered telescopas in measurine the altitude
of & body above tha horizon mads it most desirabls to det:rmin: the value
of tha dip accuratzly and consistantly, which is not nossible with the
presently available tubles. rven when th2 hzi ht of th: eye was accurately
established, anomalies in the valus of the dip were encountered, zlthough
full allowance was made for barometric prassur:, and air and water temp-
eratures. Two Gavrisheff dip-meters were therzfore obtained, on: fitted
with a 6x telescope, and tha oth:r with 2 1é6x. The latter, particularly,
gave excellent results, pemitting the empirical establishment of the value
of the existing dip with an arcuracy, when it could be carcfully checked,
of about 0,1 minutes.

It is held that a well designed sextant, manufactured to the close
tolerances possible today, and equipped with 20x and 7x telescopes, to-
gother with 4 dip meter, permits » very narked improvamesnt in the accuracy
of fixing position ufloat by celestial mmans, as compared to th:t now

nossible.



SUMMARY OF FINDINGS

-Phadinge-of ghia studym‘,\;tmmarized as follows:
(l) The 20 x 50 mm prismatic monocular of good mamufacture, is suparior
to any sextunt telescope of lassar pow:r during daylight hours. It re-
duces the random errors in a serics of observatlons, as its preat magni-
fication pzmits the pgreatest nicoty in obtaininz contact batwesn the body

and the horizon. It is entirely satisfactory for usa aboard ship excapt

in extremely bad conditions of wind and sca.

(2) Similarly the 7 x 50 mm prismatic monocular is suparior to any other
telescope availshlz for ta:st when the horizon is poorly defined, due to
darkness.

/3) A dip meter, fitted with a high powar telescope, and capable of de-
termining empirically the value of the dip to onz:-tenth of a minute of

arc is an essential adjunct to the sextant, whare accuricy is of primary

importance.
7\\




JCUIPHONT AND TSCHNINU S LOY D
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The equipmant employad to make the observations for this program
falls int> three catzporiss: sextants, watches for the rsasuroment of
time intervals, and dip meters.

S4XTANTS: To obtain the observations for this study, five sextants were
a., loyed. ALl ware of the micrometer Arum type. Ore was a U, S, Navy
Mark II Type A (Aluminum) instrument, one was a Huphss "Gothic! and threc
were nanufactured by C. Plath. These latter three sextants were dosigned
and manufactured for use in this study, and incorporated a number of nsw
refinements. They had very large micrometer drums, and vamier sculzs
calibratzd to read to one-ternth of a4 :inute; the scules wer2 so larme that
they could aasily be read to five one-hurdredths of a minute. They were
also fitted with large index and horizon mirrors which matched the full
field of ths 50 mm objactive lenses of th: scopes. The error in graduating
the arc of the Plath sextants never is as rreut as 10 seconds; this also
was a most desirable fosture, as an error of up to 30 seconds is considered
acceptable in ordinary U. S. manufacture.

Two »f the Plith instrumsnts had spscial licht-weipht alloy framss, the
third Plath ani the Hughes had brass framos, and were somewhit heavisr; each
weipghed about 4 pounds 10 ounces. The alloy frame Plath weighad about
3 1b. 12 oz.. The heavier instruments caused no complaints. It was found
that they vibrated much less, when being used in a brevze, thin did the
Navy tark II sextant.

Interchangeabls 6x, 16x and 20x prismatic monocul:rs vers avail-ble

for tha Plath and Huphes soxtunts, as well as 7x ronoculars and 2x and 3x



ercet tolesconns for uss +ith the stars at dusk. 1l onties wrie hard-
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Flans.  Nuripy the cours: of the stuldy, it Locom. oviient Lhot the two
telescopzs holding the sreatest oromise wers th: 20x, for us: 't any time
when the horizon was well illuminated, and the 7x for use uith the stars,
when the horizon was dim. S$pscifications were thorafore drawn uo with the
assistance of Nr. S. G. Hall of the Naval :eapons Plant, i'ashington, D.C.
for a prismatic monocular with a 50 mm objective, on? interchanpgeable sye
pvieceas, piving a magnification of 20« und 7x, respectively. This was manu-
factured by the fim Beck, of Kasssl, Gemany, who huve had many years of
exp:rience dcsigning and producing optics for telescopis. This telescope
nrovad most successful, both on bench tests, and on the sextant.

The n2w Plath s2xtants and tolescopes ennloyed vare found to bhe ex~
cecllent and far superior to similiar equipmant previously availesble. In
cxpert hands they are capabl: of achiesving an accuracy in determining the
observed altitudz considerably or:at:r than thut of th2 comouted altitude
obtained when the resultant observations are i2cduced by the HNautical \lmanac
and the modern navigational tables in comon usc aflo:t. These instrumants
11lso proved easier to keep in wdjustoent than the clder tyns saxtanbs.

Overall, with a brisht horizon, the 20x t2lescors:s proved slishtly
gup2rior in accuracy to thr léx, an? Lheir eregher nouar 2. bied ths ob-
sarver to piek uo fixed sbars somewhat mops esslily in o Yrlchi aky. Uae

fortuant:ly. thay do not have onourh Lisht eathorine sounr Lo ank: Shem




satisfactory wh:r: the horizon is dimly liphted. Under such conditinns, the
7x telescope prowed surarior to any glass previously tested. It is re-
comwmnded, ther:fore, that when ths utmost accuracy is required, a 20x tele-
acope with 50 mm objsctivae be enployed when the horizon liphting is strons,
and a similiar telescopa, but of 7 vower, be us:d vhsn the lirhting is
wezk. The single plass, with a 50 mm ohjective, and intzrchangeadle 7Tx and
20x eyzapleces proved most satisfactory.

The rapid determmination of index error continu:d to be difficult,
particularly during daylirht hours, as it had for previous observers. This

probiem merits further study.

TIMING /ND R°COMDING: At all tim2s during this program, nmulti-chanrsl

short—-wave radio receivers were avallablse, as were two hiphly relishla
second-satting sweep second haind Longines watch:s. Ohsarvations wore timed
by split-sacond timers, reading to one-fifth szacond: thos2 timers cculd be
reliad on not to vary sne~-fifth of a sscond in forty minutzs, rigurdless of
how many times tha mading hand was stopped. An experisnced obsemer can
start thes: split-sacond timers on the MV tinme tick with an accuracy of
aporoximately one-tanth second. lilemever possible the timses were started
directly from the radio ticl, and checked agein with the tick at the tew-
mdnastion ol' the obsevations. hen, for any reason, ta: radio tick wis not
available, the timers ware startad from, and checked against the ongires
watches. It is believad that the time error in only « Tew instances excreded
two-fifths of a sacond; for the preat ejority of ohservations, ths error
4id not exceed oma~fi th second,

The tining of otservauvions by the recordsrs why assistad in this proprax




provad entirely satisfuctory. The reaction lag of thes two recorders who
timed the majority of the sights was checked by mans of a split szcond
timer equipped to omit a short note when the stop button was pressed.
Tests indicated that the lag raroly approached ons-half socond.

At Key Vest, a spacial watch was used, r:ading in arc to 360 degrecs,
and adjustad to sidereal time. This watch pave ths local hour angla of Aries,
and in conjunction with specially preparad altitude and azimuth tahles of
selaocted stars, provad most convenient for locating stars before thay were
readily visibla,

“here the utmost accurzcy is remired, it is ricorumindzd that a remote
recording chronograph bz employad, combined with a remcte read-out of tha
sextant altituda. This will obviate th2 po sibility of error in the re-
cording of time ¢s well as error in th2 recading or recordine of the altitude.
In addition, it will greatly spsed the takine of a string of siphts, ani the
observer will not be faced with th2 dangar of being unoble to relocate a
dim star, after rooding the altitude; the sextant would be maintained in
the obse rwving pesition for an entire string of observation.

The chronograph should be so arrangad that the sacond beat of tha .WV
time signal could be indicated on it when desired. It should also be pos-
sibles to show the half-sacond beat of a chronometer, reading aither Greemmich
l'ean or Sidereal Time. The altitude reading of the sextant would also be in-
dicated on the tape, at the instant the time of th: ohsarvation was recorded.
DIP MATIRS: Zarly in the program, it became evident that the nsw tele-
scopes were capable of achizving a degree of accurccy in position fixing

not praviously obtainable with the marime sextant. If the true value of the



d4ip could be establishei. The deprossion of Lhe visible horizon, balow
i howizontal at the cye of observar can readily be caleulated. However .
the i1irne ol sight from the observar to the horizon is affected by terrestra -l
muefraction; tha amount of this effect varicg with changing weather corditso -
niffarenees in alr temporature alone the line of gight from the obsarver i
the harizon s:em to be tha chief cause of this variation. . here the water
temparatur: diffors from that of tha mass of air above,the air immediate iy
edjuacent to tha water i3 coolad or warmed., Tas effect of this difference
is usually particularly strong on a calm windla:ss day,

ilany attempts havs been made to establish a direct relationshin bhe-
twean th: diffarince of temparature of air and sea and the value for the
corpuction for dip, howaevar, the raosults obtained b different investi-
gatars diffcered so graacly that no definite conclusions can »e drawn. It
soemed most dasirable, thorefore, to datermine the valus of the existing
dip empirically at th: uctual time of :mking celestial observations. For
Lhis purpose, two Gavrisheff dip meters woara procurad, one fitted with a
telescops piving a magnificetion of 6x, th2 other with ona of 16x. Both
instruments provad to b2 of th2 greatest voluz, the one with the 16x tele-
scope piving th: bhettar results. In the imcrests of standardization, o 20x

reconmended for future use with the dip moters,

[¢/]

talascope i
The Gavrisheff dip meter measurss th2 value of the dip by bringins ini.
coincidence tvio images »f the horizon, one ercct and one inverted, und 180%
apart in azimuth. The ipstrumznts employ2d in this study were fitted with
wderometar drums, and veriosr scalas ealibrata ! to two isnths of a minute

of arc. They could bz ~xad to onc~tenth of a minute by interwolation. An
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4 Jan 1040 0-5 level,Temp. as above
Dip by meter observer S 9.625 minutes
Dip by meter observer W 9.6 minutes
Dip by tables 8.9 minutes
9 Jan, 1100 0-6 level, Air |, water injections 70°
Dip by meter observer 8,7 minutes
Dip by tables 8,9 minutes
Such celegtial observations as could be obtained during this period, when
corrected Tor dip am obtained by the dip meter; always resulted in lines of
position lying much closer to Loran fixes than those corrected by means of
the dip tables.

During this same cruise the USS VALLEY FOHGE lay-to some 7 miles
from Bermuda, where her position could be accurately fixed by triangulation
and radar ranges. Sun sights were obtained, and reduced from the known
position. Using the value of the dip as obtained by dip meter in correct-
ing the altitudes, the mean distance from the known position was 0,115 miles;
when the tabulated value of the dip, corrected for barometric pressure and
temperature was employed, the mean distance was 0.85 miles.

these anomalies in the value of the dip are particularly interest-
ing, as the winds were extremcly strong (up to 65 knots) during much of this
period, and because many of the dip measurements were made with a height of
eye of over 80 feet, both of these factors are supposed to reduce any

ahamalies in the dip at sea.



Aboard the USE TJTUIL:, in wsast of 1960, u diurnel variation of
ore mirute w:s fourd in the dip by messurement, without appreciablc chanpez
in barometric pressure and s2a and airv temparatur:s. This variation per-
sistsd ovor several days, the value »f the din being ons minute rreztzr in
the ufternoon and evening than in Lthe moming. That this anomaly evistal
was a2lso demonstratad by tha olot of mornine and ovening star sights; tho
lin:s of position resulting from 2vening stars ecach having to be novad one
minute towards ths respective bodies to cross closs ahout a common point.

There sesms little drubt that a dip metar of the quality of the
Gavrisheff instruments is of the greatsst valus in detsrmining the value of
the dip, and consequently improves materially the accuracy of celastial
mavization. ‘

It cannot correct for error caused by ths tilt of the horizon, or for
the transitory effect of a wave in the horigon, but it will permit accuratz
correction of much the pgreater part of the errmore caused by abnormal
terrestrial re fraction.

It should ¢ noted tmt the dip meter fitted with th: 16z telescope
gave matyrially better results than the one with the 6x telsscops. Con-
secutive readings in such string gavne‘%xéeonsistgnt readings, th magnitude
of the randor errors heing matsrially reduced.

ORSSRYATIONAL T CHNINY 6: It was held that the muximum diasster of Lho

objective lens of any teli:scone to ba usad with a sextant viould be 50 iam;
anything larg:r than this viould b2 toc large and clumsy to handle con-

veniantly zbcard ship. fs the field of visw of a orismatic telescope of
norm.). dasign with an objective lens of tihls diameter uni eiving u magni.-

fication of . ) iz about 2 daerezs, it was anparza®t that the Rude Star Fipndes

12



would not be sufficiently accurat: for locating stars, particularly at the
higher altitudes, in a brightly lirhted sky. Accordingly, for use at Key
West, the altitude and azimuth of 6 morning and 7 evaning stars were com~
puted for 30 degrees of Local Siderscal Hour Angle. Thesc altitudes ani
azimuths were precomputed to the nearsst minute of arc, snanning ths timos
of sunsat and sunrise for the porind of fizld work. In conjunction with
the watch mentinned above, reading in local Sidereal Hour Angls, and an

8 inch spharicsl magnetic compass, these tabl:s groatly facilitated locat-
ing the slzrs against a bright sky. The stars for which the Xey “est

altitude und azimuths ware precomputzd ars as follows:

iorning: swvening:

Altair (Xag. 0.9) hldebaran (iiag. l.1l)

Antares no1l.2 Bate lgoux " Vers

Arciurus " 0.2 Capella " 0.2

Nenzb "o 1,3 Pollux 2.

Spica no1,2 Procyon " 0.5

Vega " 0,1 Rigel " 0.3
Sirius " 1.6

The times of sunrise and sunsst of Key Vest for the pariod of eb-
sarvaiions were also computed.

sltitude ant azimuth data as eutlined abovo were also prepared for all
subsequent twilight star observations, although not to such close telismances.
Thase were frequently pressnted in rraphic fom.

Vost of the observars connascted with this prosram wera accustomad to
using the somzwhat hzavizr Plath and Huphes saxtants. The 20x anmd 16x
telescopss with th:ir very considerable marnification, and cormamtively
small field howaver, were new to all save ons observer, and several hours

of practive wire raguired ' fsre tha users bic:me accustamwd to them. The

13




apparent magnification of vibration with these teclsscopes particularly
caused adverss comment at first, and the observars belioved that the plots
of their strings of sirhtes made with tha hirh povered glassss would be in-
ferior to those made with a 6x monocular. It always proved a source of
surprise to the observer to find, when the sichts were plotted, that the
strings of observations made with the higher powsred glass2s were consider-
ably smoother than those made with thz 6x telescope. Without exception,
once the observars became accustomed to the new glasses, they preferred
them to those of 6 power, whan accuracy was particularly required.

Tests were made using a bipod to support the sextant, which was
mounted at the apex, while ths two legs attached to the observerts belt.
This devics was not found to be practical. Thought was also given to
mounting a sextant on a gun stock and also to suspend it from a pgallows
frame, but no experiments were conducted with such devices.

No unusual technijquss wzre employed in making the observations; every
effort was mads to take tho sipghts in each stiring as rapidly as possible,
When two observers were working at the same time, simultaneous obsaervat-
ions of te sam body would frequently be madae, one ohserver using a 20x
telescope, and the othar @ bx. At the completion of each string of sights
tel;escOpea (but not sextants) would be exchanged. When one obsarver was
vorking alone with a recorder, om string would bs complsted with ons tele-
scope, and the next ome with a glass of different powar. The value of the

high powered telescopes, as compared to those giving a magnification of 6x,

for picking up stars during "bright sky" conditions aiso was studied, and is

discussed below.



A string of sights nommally consisted ot 10 to 13 observations;
accuracy tends to deteriorate aftar about that number, apparently due to eys
fatisns, However, & very brief rest for the cys was sufficient to restore
accuracy, and frequently 10 to 12 strings would be observed over a period of
cbout an hour. ihere the same conditions of lighting and weather persisted,
the last string would generally plot as smocthly as the first, provided a
brief periocd had boen allowed betwesn strings.

All strings were plotted on praph paper, using a scale of 1 inch to
10 seconds of time, aml whan the rate of change of altitude was not too
great, 1 inch to 1 minute of arcj occasionally, it was desirable to change
the latter to 1 inch to 2 minutes of arc. The strings were completed in be-
treen 2 minutes 30 seconds znd 3 minutes 30 seconds. Due to the smaller
field of the 20x telsscope, it was found that overall the time botween sights
with this glass tended to be slightly longer than when using the 6x. This
time difference would not exist if a sextant with remote altitude read-out
wers employed with the 20x telescope, as the observer would not have to re-
locate the body after each individual observation.

After the sights were plotted, a line of best fit was drawn throupgh
the plots; duc to the shortness of the time psriod involved, a straipht line
gave a satisfactory representation of the body’s path. The rate of chanps
of altitude for the body at the mid time of the string was than calculated,
to check for possible anomaliss caused by terrestrial refraction, or other
causes. OSuch anomallies, affecting the rate of change of altitudz, were oc-
casiomlly encountered.

Wwhen working from a position that could be accurately establishaed, us-

15




uglly by triznpulation, the coleulated albitudes of tha 'wiy Tor the sgit:,
vor~untet for dao, n froction, ete., for the time of the string, would then
b2 plottei on th3 . rusch. The deviation of the individual sirhts from the
lins of bzsi fit for each string would be measured for comparison purposes,
2s wall as the difforence in altitude botwesn lines of calculated altitude
and the limes of best fit. As has bsen stated abova, the results achieved
with the high powered telascopes were supsrior almost without exception;
the rare exzeption occurring vhen obseorvational conditions were deterior-
ating, and ths high powired glass was the last on: used.

The maenitude of Lhe ramdom errors about the line of best fit was con~
sistently and matsrially less for the high vowor:d telescop3s, as was the
1ifferenc: botween the lime of best fit and tha line of calculated altitudes.
Tha superiority of the high poweraed telescopes was particularly great vhen
the horizon was not sharply defined.

Key iiest was not fourrl to be a vary satisfactory locale for the pur-
coses of this program, as the water mass inshors is not homogenzous. A
considerable number of surface water temperature measurements were made 4 to
5 miles of fshore (i.e. at the approximate apparent horizon of the observer
on the beach), and the temperature was found to vary as much as 10°F, with-
in 200 yards. In this connection it may be noted thut some 30 strines of
sights woro wude from abourd a 46 foot sailboat 40 to 60 miles offshore in
wuvas up to 6 foet in heirht. The resultant intercepts varied less in map~
nitudz thin nany of those mad: fram the bsach at Key .est; apparantly the

boaut was surrounded by wat:r of the sam: tempemture.

sechanicnl vibration, as in a destroy:r steamineg at 20 knots, did not
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have a markedly adveres effect on the smoothness of the plot of sipghts.

The high powered telescopes produced consistently better results than those
with a magnification of 6x, deaspite th: firm conviction of ths lsss ex-
perienced observers that the contrary would prove true. High winds, as are
often found on the open bridge structure of a carrier, made it extremsly
difficult to obtaln satisfactory observations with any telsscopae.

ITMCT OF §2AS: Sights were reduced by various methods, as seemcd ap-

propriate. lhere the utmost accuracy was desired, th: Tnhemeris was used
together with ths classical sin~cos altitude and azimuth formulae. Six-
place mitural functions were used with a computer. ihere extrem accuracy
was not;. rime importance, the Nautical Almanac and the Tables of Computed
Altitude and Azimuth (0 21;) vere emoloyed. The Delta t and Nelta 1
corrections, as well as Delta d, were usually used to reduce the length of
the intercepts. All sun sights were corrected for the actual semi-diameter,
parallax, and for refraction; the combined semi-annual tables in the Nautical
Almanac were not used. For all sights, ths table of "Additional Refraction
corrections for Non-standard Conditions", oublished in the MNautical Almamc,
was uscd as reauired. Before the dip meters became'available, the Japanese
tables for correcting for the difference between air and sea temperatures
(0.11 minutes per degree Fahrenheit) were also employed, and in the majority
of cases proved helpful. The corrections they provided in general short-
ened the intercepts, and in the geographical area of this study, off the
eastern seaboard of the United States, were superior to any other similiar
tables used. Howevar, the accuracy they provided did not equal that ach-

ieved with the 4dip meter.
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It had been hoped that ths brighter fixed stars, favorably situatesd in
altitude and azimuth relative to the sun, would be visible during tha day in
the field of a high power taloscope, mounted on a marins sextant. This
hope was basad on a paper entitled "The Visibility of Stars in the Daylight
Sky" by Dr. Richard Tousey and 7. 0, Hulburt, and published in the Journal
of the Optical Socisty of America, Vol. 38, No. 10 Oct. 1948. Consultations
with Dr. Tousey at ths Naval Research Laboratory were held, and confirmed
that fixed stars could be observed during daylirht hours with a well de-
signed telescope, having a magnification of 16x or 20x, particularly if
the telescope viere nrovided with a reticle at infinity to aid the eye in
maintaining focus at infinity. It also appeared that it would be desire-~
able to provide a polarizer for the telescope in connection with these ob-
servations. The reticles were accordingly installed, and polarizers were
provided.

These telescopes did indeed make it possible to pick up stars, when
viewed directly, during the daytime. However, no r:al success can be claimed
whon tis telescopes were moumted on sextants, azlthough Sirius was picked up
low to the eastward on two occasions about 15 minutes before sunset and
Arcturus was sesn at high altitude 25 minutaes after sunrise. The lipght loss
in reflecting the star's image through the index and horizon mirrors was too
great to make daytime star observations practicable with the sextant in its
present form.

The high~powered tel:scopzs did, however, make it nossible to ob-
serve a very considerahl: numbsr of fixed stirs in bripght twilight, when

they could not be sighted with a 7x or 6x tzlescope. These latter glasses,
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in turn, proved superior in this respect to the 3x telescope as supplied
with the i.avy Mark II sextant. At Key kest, strings of observations total=-
ing between 4O and 60 sights were comploted of 4 to 5 stars with a 20x
teleacope, within 20 minutes of sunset; that is to say, with the 20x
telescope, the observations for the evening star fix were completed at
about the time a navigator using the ordinary sextant and telescope would
start making his observations.

Similiarly, on 30 August, 1960, in ajproximately latitude 30°N. 4
Longa 79°h', 5 stars, as tabulated bdow, were sighted with a sextant fitted with

a 20x telescope within 10 minutes of sunsect.

Star Megnitude Apprec it Apprx., Azimuth
Altair 0.9 46 110
Antares 1.2 _ 34 194,
Arcturus 002 50 265
Denedb 1.3 45 o5k
Vega 0.1 ) 160

Stars observed under such conditions, with a well illuminated and
sharply defined horizon, ylelded far better results than those made in deeper
twilight with a 6x or 7x telescope. However, with the sun well below the
horizon, the 7 x 50 monocular proved superior in every respect to any other
telescope employed. Its large field, excellent light transmission, and
sharpness over the entire field, are most desirable features for this use. It
should be noted that the 7 x 50 telescope i3 not satisfactory for daytime use

with the sextant, particularly for sun observations. During such observations,
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there is frequently a very strong and troublesome halation effect.
ACCURACY- The degree of accuracy obtainable with the instruments employed during
this program in measuring both time and altitudes and in establishing the

#nlue of the dip ie so fine, that thought must be given to imp.oving the
methods employed in reducing sights, The American lautical Almanac, under
the heading "Accuracy" says in part:

"The largest error that can occur in the G. Ho A. or Dec. of any
body, other than the Sun or Hoon is less than 0.2 minutes; it may reach 0.25
minutes for the G. Ho A. of the Sun and 0.3 minutes for that of the lMoon.

In practice it may be expected that only one-third of the values
of G. H, A. andDec, taken out will have errors larger than 0,05 minutes
and less than one-tenth will have errors larger than O,1 minutes.”

It should be added that these errors in Greenwich Hour #ngle and
Declination may be cumulative, thus causing a considerable total error. As
the time of an obaservation can be accurately determined to one-fifth of a
second, it is most desirable to be able to determine the G. H. A. of the body
at the instant of observation with an accuracy of 0,05 minutes of arc,

The high-power telescopes riake Venmus available for daylight observa-~
tion during much of the year, yet corrections to the altitude of this planet
for parallax and jhase for such observations are not given. The semi~diameter

of Venus should also be given, as in the field of a 20x telescope the planet

is not a joint of light, but has very appreciable size.
Lhere accuracy is paramount, it is recommended that observations

be reduced from the estimated position, rather than from an assumed position.
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Smart, "in the Monthly i.otices of the soyul Astronomical Society”, Vol. 79,
(liay 1919) showed that when the difference between the true and assumed

positions is 30 minutes in both latitude and longitude, for an altitude of
75 degrees the error might be 1.0 miles, At latitude 60 degrees this would

diminish to 0.7 miles; while the probable error would not exceed 0.3 miles,
It can be seen, therefore, that plotting cclestial observations from an assumed p
nay introduce unacceptable error.

The "Tables of Computed Altitude and Azimuth" (H.0.214) are among the
most satisfactory of the so-called "short methods", and are excellent for most
navigation. However, they also can cause unacceptable error, cven though the
DeltaTand Delta L corrections are used in addition to that for Delta d., For
examples

On page 509 of the 1958 edition of Bowditch (HO9) the calculated
altitude 20 degrees 55.9 minutes is obtained using HO 214 and the corrections
Delta d, Delta t and Delta L. The correct answer is 20 degrees 55-67 minutes.

It is evident therefore that the methods cammonly employed at sea
for the reduction of cclestial observations are not compatible with the degree
of accuracy obtainable with the instruments discussed herein, The kphemeris
j.s available in lieu of the hautical Almanac and gives the necessary data to
a degree of accuracy far beyond that required at seq. However, its present-
ation is designed for the astronamer, and necessitates long and cumbersome
interpolations, Probably the most desirable form for presenting the necessary
data would be to state Greenwich Hour #Angle, Sideral Hour Angle, and declination

in degrees, minutes, and hundredths of minutes., For some bodies, to facilitate




interpolation, it might be well to state Greemwich Hour Angle for same
period shorter than an hour.
An electronic computer can, of course, store the necessary data
on the celestial bodies to be observed during any program, and can also r
the observation. Wwhere such a device is not available, the formulae:
Sin h= 3in L sindt cosL <cosd cos ¢

and Sin Z = cos _d sin_t
cos h

give excellent results, and a speedy reduction, when used with six or sev
place tables of natural functions, and an ordinary desk camputer. Precom
will frequently be most desirable.

A string of observations of each body should be made; this can
be done rapidly, particularly where the remote read-out of time and altit
are employed. Such a series of 10 to 15 observations, when plotted, per-
mits the rejection of unsatisfactory individual sights, as well as the de
of transient anamalies, such as waves in the horizaon. It also permits an
evaluation of the probable accuracy to be derived from the reduction of t|
selected observation in the string. .

The observer should be selected for his visual acuity: he need
have no knowledge of navigation. In this connection, it may be noted tha
sone of the best strings of observations obtained during the course of th:
study, were mede by young observers who had never previously used a sexta
Ihey had good vision, and they were also free of prejudice against the hi,
power telescopes. An expert markaman frequently seens to make an excellel

observer,
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l. It is held that the high powered telescopes, of a magni-
fication of about 20x, when fitted to sextants of the highest quality,
and which allow a fine read-out of altitude, permit achieving a markedly

superior degree of accuracy than has heretofore been possible with the
instruments in general use.

This improvement in accuracy is derived from three characteris-
tics of the high powered telescopes:

Ao *heir increased magnification permits the greatest

nicety in making contact bLetween the body and the horizon,

B. Their high magnification makes fixed stars visible

in comparatively bright light, just before sunrise and

«w’rectly after sunset, when the horizon is sharply defined,

Co In the great majority of instances, during daylight hours

when the horizon is hazy, they pernit markedly better

determination of the horizon than do the * -lescopes of

3x and 6x 4in general use,

It appears from this study that the accuracy achieved in megsur--

ing altitudes with the sextant is in direct proportion to the magnification
of the sextant telescope. A 20 x 50 prismatic monocular, of good design,

at present seems to be the optimum for use with a bright horizon. The

degree (f accuracy achieved by such a telescope far outweighs the dis~
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advantages of its camparatively small field and increased weight.

2. At twilight, when the contrast in lighting at the horizan
is not strong, the 7 x 50 monoocular is found to be superior to any star
telescope now in general use.

3. A Gavrisheff dip meter, fitted with a high power t.elescope
can be of the greatest assistance during daylight hours in determining
the existing value of the dip of the horizon, and therefore in increasing
the accuracy derived from daytime observations of the sun, moon, and plan:

4. Finally, it is held that a ship's position may be fixed at
sea, under good observational conditions, to about 0.25 miles, by a round
of multiple observations of stars, made just before sunrise or after sun-
set, with a high quality sextant, fitted with a 20x telescope. This
conclusion is based on the results achieved during the course of this stw
emote rcad-out of sextant altitude and time should improve this somewhat.

With 6 x and 3 x star telescopes, it has heretofore been possib!

under similar conditions to obtain an accuracy of about O.4 miles,
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THE 20x TELESCOP: I'OR STAR SIGHTS.
THE 20x TELESCOFZ FOR STAR SIGHIS

On the opposite pags are the plots of four strings of star
observation.:; made with a 20x tolescope on the eveninggof 3 March 1958,
The stars, in the order in which they were observed, are Sirius (-1.6),
Aldebaran (1.1), Betelgeux (Var.) and Rigel (0.3). The first ob~
servation of Sirius was made directly after the sun had set, the last
observation of Rigel was complsied some 18 minutes later.

No direct comparisoa between the 20x and the 6x telescopes were
poasible, as the observer using the 6x glass was unable to pick up the
stars concurrently.

The mean aberration from the line of best fit of the Sirius
cbgervations is 0.069 minutes, for Aldebaran 0,064 minutes, for
Betelgeux 0,079 minutes, and for Rigel 0,095 ndnutes.

Thege obgervations serve to show the high degree of accuracy thet
can be expected from star obgervations, made with a high-powered tele~
acope during the period that the horizon is brightly illuminated.

The time interval batween observations is plotted as constant,
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COMPARISON OF OBSTRVATIONS OF THE SUN MADE AT SEA WITH 20x AND 6x
TTLESCOPTS

On the faéing page appear graphs showing the aberration from the
"line of best fit" of individual observations within strings of Sun
sights, made at sea with 20x and 6x telescopss. The mean aberration
Tor each string is noted bdbelow.

These graphs show the first two aad the last two pairs of stringo
cited in Sectior A of Appendix I,

The otservations in eﬁch pair of strings srere made by one observor.,
Vhen the string was completed with one telescone, the latter would be
changed as rapidly as possible, and the second siring of the pair would

te completed.

The time interval between observations is plotted as constant.
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COMPATIS(N OF SIMULTANEOUS OBSERVATIONS OF THE SUN MADE AT SEA WITH
23 AND 20x TEL7SCOFESS 3x AND 20x TELESCOPES

The eraphs cn tae osposite poge illusirate esults obtained
atouid the 7.8.S. TURU. LA, These observetions were made at about
1030 Zone Plus Five Tims on 18 May 1880, some 100 miiess S.E, of the

by wwo experienced observery. Sirnmltancous obusrvae

Vzeginda Gapes,
tione wexre uede of the Sun’s lower liub, one cbserver uving a Flath
goxtont Fitted with a Z0x tolescops, tus other & U, 5. Havy Mark 11
sexbesrt with a B telessope, as supplied with the imstrument,

O conpleting the Tirst otring of sights. the observers exchanged
soxieats, snd tha geco:C siving of observations iy made,

There was gome evercast, which accovnis for the rather short
gecend gtving. The wiié was S.¥.. Bcaufort scale #3, the siatc of the
sea wao #3, and with the 3x  telescone, the horison appeaved wvery
MR YA .r"‘

n the lower part nf the page appesr the plots of thxee consecutive
strings of Sun sighls,; radn with & 2, 20x, and 6x telcacope in that
crder by the sawme observer, from a liaown position. The 3x telescope
i4iced the observer 0.233 minutes toa imch towards the aun, the 20x

ade it 0,104 tovards. and the 6x 0©.250 towerds. The horizon on this

b

ceension was 1ot sharply defined.

Yihe timn intervil belwoen chsasvatiens is plotted as constant.




APPENDIX X

The following tabulations show in numerical form the smoothness
of plot of strings of observations using alternately a 20x and a 6 x tele~
scope with the same sextant. It gives an indication of the irproverment in
accwracy made possible by the high powered telescope. ‘ihese observations
were made during the daylight hours, by a number of oiservers. Yome were
made frow the beach, and some at sea; they were made under widely differ-
ing observational conditions. The majority were of the sur, although ob-
servations of the moon ard of Vernmus are also included,

A string of observetions, usually between 10 and 14 in number;
would be riade with one telescope, which would then be changed for one of
different power. lhe altitudes were plotted, as described in the body of
the text, and the "line of best {it" was drawn for each string. The devi-
ation in altitude of each individual observation from the line of best fit
was measured to the nearest five-one hundredths of a minute, and these
deviations were then added, regardless of sign. The sum of the deviations
in each string was then divided by the numi-er of observations in the string,
to give the various results listed below.

The results are arranged in two groups, according to whether
the obscrvations were made afloat, or from the beach. Many observations
were made when the horizon was very poorly defined, in order to obtain data
on the performance of the high power telescopes under such’ conditions, How-
ever, no criteria are available for grading the quality of the horizon for

observational purposess It seemed beit, therefore, to make an arbitrary




arrangerent in descending order of the values of results obtained with the
20x telescopes. The poorest, as well as the best results achicved are in-
cluded in the tabulation.

Gruphs appear elsecwhere in this report, which illustrate the
distribution of sights within some individual strings listed telow, 2s well

as in strings not made for direct :omparison purposes between various tele-.

scopes.
A. OBSEAVATIOLS AT SEA

20x telescope 6x telescops Body
1. 0.042 0.073 Sun
2, o046 113 u
3A ~-050 .138 "
4, 0054 «192 0l
50 <061 108 "
6, 073 222 "
7. o159 0364 J

Bo OBSEAVATIONS FuCM THE BEACH

20x telescope 6x telescope Body
1, 0.027 0,060 Sun
2. »031 ~089 Venus
3 -036 . .078 Sun
b .058 +O54 Hoon
56 .063 127 Sun
6. 077 <227 T
7 »083 <123 "
8, 085 .323 "

9 «092 <273 "




20x telescope éx telescope Budy

10, <119 716 Sun
11, <127 196 !
1z. .138 +200 G
13, «150 0231 "
1. .162 «265 L
15, .173 <327 ¥
16, .178 112 I

v 17 . 20A- . 373 n




APPONIN Y
WESULE OF LRC AT REATIOLS

Variouws recommendaticns are made in the body of thi.c report;
they are ounlined below. =rdditicnal recormendations arc also included,
not necessarily tn the oicder of supggested prioriby.

Lo THE SIEXTART

It is dovbtiful 1f the basic design of the sextant can be improvec rer
ordinary marine use. Hewever, it can undcubtedly be improved in detzil,
and modified for specialized use, in order wo gein improvement in accuciucy.
Saw dueprovenent s have beer made dn the scxoanl dusine the past thres
guarters of a century; it is Lime thal a wnorough sbudy of the instrument,
as & hool Zor celestial nuvigavion. be initiated.

et forth below are suggestions as to some of the matters

wnich might be included in such a study.

4e 1l For celeslial navipgation, particularly where accuracy
iz dmportart, a sextant with niniral constant or non-adjustable error is
zguirad. [ the past; the standards of required accuracy have been too
low. 1In this country, a corstant error of 30 scconds has heen pemissible,
and azn o inevrument with a naximum error of 15 secconds hus been considerad
superior.

i ~

It is recomnernded that the value o0 the raginun peemisciiic con-
szarl error be redeiermined for sextants intenden Dor refined celestiai ot

Satvaelong., 4L L3 osugpeshed thet Lhis raximur crror be astallished o

oeovdse wuel s osterdars is nol oo ndgs. upc can Lar schieved undor medorn

| )




proauction methods. fror examjle, the certificate of Flath sextant #39393, used

ir. this program, shows the following constant errors:

Altitude 10 20 30 40 5 60 170 80 90 100 110
Lrror in
second s O 41 +3 42 1 41 =1 <4 =6 -3 0

2. For celestial navigation, an instrument is required that measures
angular elevation to 90 degrees. "Back sights" are now rarely used, and a sex~
tant capable of measuring angles to 145 degrees or thereatouts is not needed.
1+ is possible that an instrument in the shape of an octant measuring angles
to 90 degrecs might be more convenisnt to use. ThistEZ:::zéady. At the same
time, it should be determined whether mechanical accuracy could be improved
by increasing the radius of the arc. The design of a sextant, intended for
the daylight observation of stars is discussed below.

3. The design of sextant mirrors also warrants study. ‘These
should, of course, be of a size campatible with the field of the telescope
employed. It would seem that the use of a front couted mirror would be
most desirable; particularly f{or the index mirror. With the conventional "back
coated" mirror, particularly at highlaltitudes, the light from the body is
diminished materially by the consideruble thickness of glass through which
it must pass. The development of such front coated mirrors for use on the
sextant, seems most desirable. If front cated mirrors are not employed, the
horizon mirror should be positioned in such a manner relative to the index
mirror that light rays from a body, observed at high altitude are not at an
excessively acute anglc to the latter mirror. LYhe more acute this angle is,

the more atten:ated are the light rays as seen by the observer. It might be




S

well to place the horizon mirror forward of its normal position on the
instrument.
L. ‘ihe clear glass portion of the horizon mirror does not

appear to flfill any useful purpose. It, also, absorbs light, particularly

when particles of salt adhere to it. Some experienced navigators have this
clear glass portion removed from the mirror, this would scem advantageous

5; Various prisms have been fitted on sextants, particularly for
star observaticns. Astigmatizers have bteen employaed, which turn the image
of the star into a line; these are sometimes helpful when the star is bright.
ard the horizon is poorly lighted. Under these same conditiens a l.olaston
brism can also be a help. *his gives two images of the star, separated by
about 5 minutes of arc in the vertical plane, the true position of the star
being half-way between the two images.-

The Van Leeuwen prigr has been used with great success for sun
observations with fine transits. JU scems possible this prism might prove
equally satisivctory when used with o sextant. {he center of the sun is. in
2ffect, observed on the horizon, and there would be no danger of error duec to
rrradiation effect, and no corrcction would be required for the sun‘s semi-
diareter.

é. Variable density polavizirng shade glasses are at present
stardard on v. 5. liavy scxtents. Opinion @s to their superiority over a
series of rovtral tinted shades, gradusted in value, is divided. Under certain
conditions, = when obscerving a brilliant clar against a dim horizon, a con-

vanticonal v coade, er rovgar low d1 bt ebsorbiion. seems swoerior to the

A3}




variabie denaizy type: sore observeres profer the conventional shades under
all conditions. It is recommended that vhe tvo types of shades be evaluated
under service conditious.

During a study of terrestrial refractien in Chesapeake Bay made
by the waval hesearch lLabtoratory NiL Peoblem N03--05, Fro zct No. NCZ84 512,
it sppeared that a red filter could at times be helpful in making observations
of the horizeon. The benefit to te derived from using horizon filters of
various colors warrants study. cturing shis program, it «as foune that under
certain conditionz of lcw contrast between sky and waber, a single yolarizing
shade, of low light abscrption pave &z well defined horizon.

it may be nobed thal most sextants do not nave erough herison shadec

]

Lo peruit proper adjustrent for varicus degrees of horizon ligating.

7. Por star cbservations witn T.ie pgextont av dusk, it is most
desiranle thuat therc be & corvenient netnod of adjusting the positic. of the
horizontal axis o the telescope, relative to the frame of the sextent. Kove-
ing the telescope oul fron tne frave increases the ratio of light from the
horizon, relative tc that from the stur, Jiost sextarts incorporate sone
provision for accomplishiing tnis; usually, however, it cannot be dore readil;
The Hughes "Cothic" sextant has o large thumbd screw, so situataed the! the

cbserver can casily turr it with his thanb, while holding the sextart fo hise

[

1 is recommended ihat thic feawure be incorporated in all marine

3. “uring daylight nours particulacly, it is ciffieuli to establish
aceurately thoe sextant dnder error. I s recormengec thal tnis problen be

studicd,

B
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more satisfactory, on ths wiole, “han those of 16x. However, it ray de-

veiop bLhat betihe esults ¢4t he achisved with a telescopa off either
p bLhat betier r RSN be achicved with a telescope of either
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at. dusk should be deternmined,. +h: 7 2 50 helescopes zee proved supsrior

the star telascopro gen svailabie, by, here ngein, Tacther

Jmprovement ig probably j.ontihle
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>
$
=
9
0}
%
=
.
(]

elescopes shou d he eguipped with soft rubser =2ye cup::

<

1 alyh nower tolesceopes. Thoese enable ihe

obgerver to steady the soewnnt apninst his eye socikobt, and xecp wind aad sty
Lishrm from bhie eye. LYoo ay: cun: thns are avallabie commercially arc not Loo
well madted for this parpoon. L0 s cecoanendsd Liact a cup be deosignod espar .2l

for ues withh the xbran becuecone.
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ehen such a read-out is employed, study is warranted to detexmine t -
1 raod of time that should be spant in completing any one string of observat:
v.hile znonelies in refraction, lasting for considerable periods of time some
times accur.transient anomalies causing consideratle error in the obserued
s#ltitude alse are encountered. “Yhese lahter ancmalies, lasting usually less
tran a minube can usually be detected f freguent observations are made over
aboui a two minute period. A string of some six observaltions, or so mace
rapidiy, cen be very misleading, however. 4hile the altitudes may plot
snoothly against time, they do not represent the truec change of altitude
o the body.,

D. 1t is recommended that a sextant be dcveloped for the daytime
chservation of fixed stars in conjunction with & high~powered telescope. lir
«ichard Tousey, of the iiaval lesearch Laberatory, has shown that stars of th
Znrsb magnitude, properly situated, can ve seen during daylight rours on a
cocae day (Journal of the Optical Society of smerica, Vol.38, No. 10, pp
£0--896, Cetober, 1948) On 13 August, stors were observed as follows:
at, 0840 Siriue (mag.=l.6), 0995 nigel (mag.0.3), 1130 Capella {mag.0.2), 140G
dretaras (mag.0.2), 1515 Spica (meg 1.2), and et 1535 Vega (nag.0.1). Dr.
vousey states that with a polarizer fitted to the telescope, 231 these stars
were Uvery ecasy" to find, with the exception of Vepa, which he descrives as
“oasy® to locate. In addition to a pol grizer, & telescope used for the day
it observaticn of shars should be fitted with & reticle at inrinity. 4o

;aizy the eye in rointaining focus at indirity.

Lurirg this program, Arcturus was ovserved at aigh alt’tude wo'l
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after sunrise, and Simdus before sunset with a 20 power telescope fitted
to a marine sextant. llowever, the light absorbtion in the sextant mirrors
is too great to make such observations practical with a sextant in its
present form.

The design of the sextant could be nodified to make daylight star
observations feasible, 7The star would be observed directly, rather than as
a reflected image, and the image of the horizon would be brought up to the
star by neans of the index mirror. %7his would require a rearrangement of the
mirrors on the sextant. The high power telescope would be fitted with a
polarizer and a reticle, as described by Ur. Tousey. In addition, it should
have two or three interchangeable prismatic ‘oye-pieces, such as ere used
with the telescopes of fine transits, to facilitate the observation of
stars situated well above the horizon. &uch an instrument, intended onlyfor
celestial navigation, might well be made as an octant, measuring altitudes
only to 90 degrees, the scale being lengthened slightly to give a negative
reading or reading "off the scale" to determine index error. The markings
on the arc would be reversed from those on the ordinary sextant, the zero
maerk being at th. end of the arc away from the observer?

The fixed mirror would belocated in the 45 degrees - 90 degrees
sector of the frame; this would necessitate swinging the index arm on the '
underside of the frame. This mirror could be made rather narrow in the
horizontal axis, as the illumination of the horizon during daylight would
be strong cnough to give a good image; it should probably be without the
clear glass portion usually found on the horizon mirrors of conventional

sextants-




II THE DIP METER

The dip meter is considered to be a necessary adjunct to the
sextant for refined navigation. The Qavrisheff dip meters used during
the latter part of this program proved of great value, and are superior in
design to similar instruments encountered. A most desirable feature of the

Gavrisheff instrument is that any index error is cancelled by rotating
the device thirough 180 degrecs about the opticel axis of the telescope,
between recadings.

It is strongly recommended that the dip meter be studied with a
view to improving its optics, and facilitate its use at sea. In the

Gavrisheff dip meters preserntly available, the light absorption on the
inverted horizon is sufficient to make observations difficult under certain
conditions of light. *This should be corrected, if possible.

The placement of the knobs or wheels for bringing the two horizons
into coincidence should be so arranged that the dip meter is equally
convenient to use in either the erect or inverted position.

The oualities of the teleacope or telescopes to be used with the
dip meter should be determined. 1t would seem desirable in the interests
~of simplicity to design interchangeable telescopes which fit both the dip
meter and the sextant if the same tele'scope is equally satisfactory on both
instruments, It should be noted that the highest power tclescope (16X)

available for use with the dip meter gave the best results,




III SIGHT REDUCTION
“uring the past 35 years almost all effort in the field of
celestial navigation has been directed towards shortening the time required
for the reduction of sights; to attain speed, it was felt that some accuracy
could well be sacrificed, For general use this was correct; the accuracy
obtainable with the "short methods" was sufficient for the requirements of

ordinary navigation.

1oday, however, there is an urgent need in some specialized
fields to obtain the maximum degree of accuracy in position fixing by
celestial as well as by other navigational means. For celestial navigation
inmproved sextants and telescopes as well as dip meters are now availuble,
which give greatly improved accuracy, as compared to what could be obtained
with similar instruments in the past.

The instruments are available for refined celestial navigation;
data for the accurate and rapid reduction of sights should also be made
available for those areas and tires when such navigation is required. As
has been noted in the body of this report, the hautical Almanac does not
give sufficient accuracy when a position.mst be fixed with an error not
exceeding 0,2 miles,

“or such use, it is recormended that data on hour angle, declination,
etc., be made available in readily useble form, and with an end accuracy of
0.05 minutes of arc,

An electronic computer can be used to store these data, as well

as to complete the reduction of sights with speed and accuracy. Lacking




such a device, it is recommended that an electric ocomputer be employed to
solve the spherical triangle, by means of the standard ain-cosin formulae.
It is recamnended that natural functions be employed, rather than logarithms.
‘he functions should be stated at least to six decimal places, and for every
tenth of a minute of arc! “uch a table could readily bLe prepared from the
U. o Coast and Geodetic Survey, eight place t.abies, which are tabulated for
every second of arc.
IV SELECTIOH OF THE OBSLVIA

It has been almost universal prectice afloat for the ship's
navigator to make the great majority of the required celestial observations,
The navigator is selected on the basis of his professional knowledge; his
visual accuity is rarely considered, This program, as well as similar
studies in the past have clearly indicated that skill in the use of the sextant
varies greatly between individuals, even those of apparently equally good
vision, and equally practiced in the use of the instrument. A limited per-
centage of individuals have the ability to pick up a star in a bright sky
with the sextant long before the majority are able to locate it. In addition
only a small number have the ability of judging the instant of contact between
the todyand the horizon. For refined navigation, the observer chould excel
in both these skills,

It is urgently recormended that where accuracy in navigation is of

paramount importance, the observer be selected solely on the basis of the
results he obteins with the sextant; the data he obtains can be processed

by others, qualified in that field,
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UPPER PHOTOGRAPH. Precision sextant, fitted with a tole-

scope with 50 mn objective lens, and interchangeable eye pieces,

giving 2 mgnification of 20x, and 7x,

LOWER PHOTOGRAPH, Cavrisheff dip meter, fitted with & 16 x 50

telescope,

THE PHOTOCRAPH ON THE FOLLOWING PAGE illustrates the optics of

the Gavrisheff dip meter.










